. In all the measurements, the results were analyzed using least square method and standard deviation to approximate the measurement data and path loss model was developed using ordinary least square regression technique.
I. INTRODUCTION
The wireless telephone system which is a major breakthrough in Communication comes either in fixed wireless lines or the Global System for Mobile communication (GSM) [1] . Statistics have shown that in many countries the use of mobile phone is already higher than the fixed one [2] and [3] .Communication is a major driver of any economy. Nigeria is not left out in the race of rapid development. However with the advent of GSM in Nigeria, telecommunication services have been brought closer to individuals in the country [4] . GSM has its own challenges in the area of signal reception.
GSM network in Nigeria is currently faced with the challenge of subscriber's dissatisfaction in the quality of services offered by the existing network providers. In this research work, the signal strength of some cellular networks (MTN, Globalcom and Airtel) operational in Port Harcourt were measured and compared to ascertain the network with better signal strength. The Signal strength measurement was carried out using Radio Frequency Signal Tracker. The measurements were conducted at five strategic locations (Borokiri, Old Government Residential Area, Aba Road, B.I.Bakare is with the Electrical Engineering Department, Rivers State University, Port Harcourt. Nigeria (e-mail: bakare.bodunrin@ust.edu.ng)
T. E. Ngeri is with the Electrical Engineering Department, Rivers State University Port Harcourt, Rivers State, Nigeria Ikwerre Road, and Rivers State University). Three networks (MTN, Globalcom and Airtel) were considered to determine the cellular network with the best received signal strength using Radio Frequency Signal Tracker (RFST).
The locations were chosen randomly based on the size of population. Borokiri Figure 1 shows the Google Earth Map of the locations of measurement 
II. PATH LOSS MODELS
When making an estimation of the possibilities for a radio system to function, it is a common practice to set up a link budget [5] . Simplified models are used frequently due to short coming of making an accurate estimate of all the parameters involved in the processing of the signal from the transmitter to the receiver. The Frii's Free Space formula [5] is given as;
(1) Where = Received power, = Receiver antenna gain, = Transmitter antenna gain, = Receiver losses, = Transmitter losses, ‫ג‬ = Signal wavelength, d = Distance between the transmitter and the receiver antenna There are many empirical propagation path loss models that are efficient and simple to use as it is obtained from indepth field measurement. Site specification models are based on numerical methods and finite difference time domain (FDTD) technique and for the theoretical propagation path loss models are obtained from physical hypothetical assumptions while the diffraction models is obtained by using physical optics with the assumption of constant height and building spacing [6] [6] .
A. Free Space Propagation Path Loss Model
This model assumes that there is no obstacle between the transmitter and the receiver during signal propagation. In this case the transmitter radiates signal to an infinite distance with a situation of signal absorption or reflection [6] . In a case where the transmitter propagates signal at 360 using a fixed power with an ever increasing sphere, the transmitter will have a power flux of;
(2) WhereP t is the power of the transmitter and P d is the power obtained when the distance is from the antenna.
Free Space Propagation shows that the signal received by the receiver decays with distance between the transmitter and the receiver at a rate of 20dB/decade. It is also between the transmitter and the receiver.
B. ECC-33 Model
This model stands for Electronic Communication Committee-33 model. This model extrapolates the Okumura measurements and amended its assumptions to closely depict a fixed wireless access system. This model is commonly suitable for Suburban small areas [6] Where CM may be 0 for Suburban City or 3 for Metropolitan City
D. Hata Propagation Model
This is a set of equation obtained on measurements and extrapolations taken from curves derived by Okumura. It is fully empirical prediction method formulated for graphical path loss. The model is appropriate for frequency range of 150MHZ-1500MHZ (UHF) and for distance of 1Km-20Km. The model does not consider terrain profiles like hills that are found between the transmitter and the receiver. Three cases are used to calculate path loss associated with this model [6] . (12) Where hb is the transmitter height, hm is the receiver height and fc is the transmitting frequency.
III. MATERIALS AND METHODS

A. Measurements
Signal Strength measurements were conducted at five strategic locations (Borokiri, Old Government Residential Area, Aba Road, Ikwerre Road, and Rivers State University) in Port Harcourt.. Three networks (MTN, Globalcom and Airtel) were considered to determine the cellular network with the best received signal strength using Radio Frequency Signal Tracker (RFST). The Radio Frequency Signal Tracker is an Application installed in a Techno Y4 mobile device which measures and displays the generated signal strength for each of the cellular network operators. The measurements of the signal strength for each of the mobile networks at the strategic location were recorded on daily basis. Measurements were conducted in the months of March 2017, April 2017 and May 2017 at each of the locations under consideration
The measurements were recorded at every distance of 100m for a given route of 2000m. A total of twenty seven thousand six hundred (27,600) Signal Strength data were recorded for the three cellular networks at the five locations. Table I, Table II and Table III shows 
B. Data Presentations
IV. RESULTS AND DISCUSSIONS
A. Signal strength Analysis
To determine path loss for the conducted measurements at various distances free space propagation path loss model was used. Path loss for free space is given as; PL (d) (dB) = 32.45 + 20 log (d) + 20 log (f) dB (13) If frequency is given as 900MHZ and d is the distance between the transmitter and the receiver in km Considering free space log normal law PL = 20log( 4 ) +10 nlog ( )
Where is the wavelength, C is the speed of light and f is the frequency, while the operating frequency is 900MHZ. 
PL=20log(
The path loss estimated from the measurement data with corresponding distance from the BTS for each of the networks were analyzed using Microsoft Excel. The path loss was observed to increase with corresponding increase in distance while conducting measurements as shown in Table  X . Path loss for the three networks is shown in figure 2 , Figure 3 and Figure 4 . Figure 2 shows a plot of estimated average path loss(dB) against distance(m) for MTN network at the selected locations. The plot showed that path loss increases with distance. Figure 4 shows a plot of estimated average path loss(dB) against distance(m) for Globalcom network at the selected locations. The plot showed that path loss increases with distance.
B. Model Development
The measured data of the cellular networks at the five strategic locations based on the received signal strength were analyzed using Ordinary Least Square (OLS) regression in Microsoft Excel 2013. The results are shown in Tables X through XII for each network considered; a regression line was used to develop an equation as a developed model for predicting the path loss over distance. The table consist of the distance from the Base Transceiver Station to receiver (mobile device) while the coefficient of x-variable are the slope of the regression line which is an indication of the rate at which the path loss increases with the distance from the BTS. Table XII 
V. CONCLUSION
The Paper showed that as the mobile equipment (receiver) was moved away from the Base Transceiver Station the signal strength was observed to be reduced. In all the measurements, the results were analyzed to determine the path loss propagation model shown in equations (19), (20) and (21). This work has informed subscribers the network choice to use at various locations Port Harcourt in order to reduce the challenge of network failure or lack of signal for effective communication. In this research it has been established that transmitted signals gets weak as they are propagated through the air space, building and other physical obstructions. Also path loss increases with measurement distance from the BTS. . 
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